ABSTRACT. Oral epithelial dysplasia (OED) is a premalignant lesion of the oral mucosa. Considering the poor 5-year survival rate of oral cancer, further investigation is needed in order to determine the pathogenesis of OED. In the present study, serial analysis of gene expression (SAGE) data from patients with OED were compared to normal controls to identify differentially expressed genes (DEGs). SAGE data were obtained from the Gene Expression Omnibus, and included samples from patients with mild, moderate, or severe dysplasia. The DEGs were identified using the edgeR software package and functional-enrichment analysis was performed with the DAVID (https://david.ncifcrf.gov/) software program. The co-expression network was constructed using the CoExpress software and target genes of long non-coding RNAs (lncRNAs) were predicted according to the proximity between the lncRNAs and mRNAs in the genome. A total of 517 DEGs were identified, including 409 mRNAs and 108 lncRNAs. Functionalenrichment analysis showed that mRNAs and lncRNAs involved in epithelial cell differentiation, epithelium development, and epidermal cell differentiation were significantly enriched in the DEGs. Thirty-eight potential regulatory relationships were unveiled between lncRNAs and mRNAs, and 11729-11738 (2015) two subnetworks were discovered by analyzing the topological properties of the co-expression network. In conclusion, we have identified key mRNAs and lncRNAs in OED, and these findings may aid in understanding the pathogenesis of OED and advance potential future treatments
INTRODUCTION
Oral epithelial dysplasia (OED) is a premalignant lesion of the oral mucosa and can be graded as mild, moderate, or severe according to the cellular histology. Clinically, OED may be defined as leukoplakia (white lesion), erythroplakia (red lesion), or leukoerythroplakia (mixed lesion), depending on the clinical phenotype. The rate of malignant transformation of oral leukoplakia into oral mucosal squamous cell carcinoma (OMSCC) varies (Gupta et al., 1980; Schepman et al., 1998) . Despite advances in surgery, radiotherapy and chemotherapy, the 5-year survival rate for oral cancer has not improved significantly over the past decade, and remains at approximately 50% (Silverman, 2001 ).
Many techniques have been used to study the complicated molecular mechanisms underlying OED. Banerjee et al. (2005) examined the transcriptome of OED and identified nearly 1700 differentially expressed genes (DEGs). Ohkura et al. (2005) reported the differential expression of several members of the keratin family by reverse transcription-polymerase chain reaction and immunohistochemical analyses. These reports have achieved some insight into the mechanism of OED and other publications have identified several potential biomarkers, such as heat shock protein 27 (Leonardi et al., 2002) , p63 (Takeda et al., 2006) , Ki-67 (Takeda et al., 2006) and p53 (Chiang et al., 2000) .
Long non-coding RNAs (lncRNAs) are a class of mRNA-like transcripts that do not have the capacity to code proteins; they have a variety of functions, including roles in epigenetics and gene regulation (Mercer et al., 2009) . The aberrant expression of lncRNAs has been associated with human cancers, suggesting a role in tumorigenesis (Gibb et al., 2011a; Yang et al., 2011) .
In this study, we compared serial analysis of gene expression (SAGE) data from patients with OED to normal controls, to identify differentially expressed mRNAs and lncRNAs and the regulatory relationships between them. The results of this study provide an interesting perspective on OED and its underlying mechanisms.
MATERIAL AND METHODS

Data source
The oral premalignant lesion lncRNA profile dataset was obtained from the Gene Expression Omnibus (GEO) database under GSE31021 accession number (Gibb et al., 2011b) , which included two mild dysplasia, four moderate dysplasia, and four severe dysplasia samples. In addition, six normal oral samples previously deposited as GSE8127 were used as normal controls (http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE8127). These two sets of data were based on the SAGE-Seq platform (GPL4 SAGE:10:NlaIII:Homo sapiens).
Annotation of SAGE tags
An expression matrix was constructed for unique SAGE tags of all samples using a Perl script. SAGE tags were then mapped to Unigene IDs (ftp://ftp1.nci.nih.gov/pub/SAGE/HUMAN/ Hs_short.best_gene.gz). If more than one tag was mapped to a single Unigene ID, average tag counts were calculated and then assigned to the Unigene ID. Finally, two matrices were obtained: the unmapped tag matrix and the Unigene ID mapped matrix. Each Unigene ID with tag counts <2 and unmapped tags were removed.
In the Unigene ID mapped matrix, annotation tags were regarded as candidate lncRNAs if they did not have a gene name or contained any of the following: non-coding, non-protein, cDNA, transcribed locus, clone IMAGE, chr (#), orf (#), hypothetical, family with sequence similarity, FLJ (#), or KIAA (#). All remaining annotation tags were classified as mRNAs. In the unmapped tag matrix, unmapped tags were matched to lncRNA reference sequences using the Bowtie software (Langmead et al., 2009 ). The forward tag matches were retained and reverse tag matches were removed. Finally, candidate lncRNAs in the Unigene ID mapped matrix and matched lncRNAs in the unmapped tag matrix were combined as the lncRNA expression matrix. Therefore, the mRNA expression matrix and the candidate lncRNA expression matrix were acquired.
Screening of DEGs
The lncRNA and mRNA expression matrices were combined into a gene expression matrix. The DEGs were identified using the edgeR Bioconductor package (Robinson et al., 2010) based on the exact negative binomial test (Robinson and Smyth, 2008) . Benjamini and Hochberg (1995) published an algorithm that was used to adjust the P values and to obtain false-discovery rate (FDR). The genes with a log |(Fold-Change)| > 1 and FDR < 0.05 were considered as DEGs.
Functional-enrichment analysis
The Gene Ontology project (Ashburner et al., 2000) is a major bioinformatics initiative with the aim of standardizing the representation of gene and gene product attributes across species and databases. The DAVID (https://david.ncifcrf.gov/) software program (Huang da et al., 2009 ) was used to identify over-represented gene ontology (GO) terms in biological process and pathways. A P value <0.05 was considered as the threshold for analysis using the hypergeometric distribution.
Gene co-expression analysis
The selected DEGs were analyzed by the CoExpress software (http://www.bioinformatics. lu/CoExpress/), which predicts the interactive relationship between genes by calculating the coexpression coefficient. The interactive pairs with a |Pearson correlation| > 0.6 were obtained and all other parameters were set at default. All co-expression pairs were visualized using Cytoscape (Shannon et al., 2003) .
Identification of potential target genes of lncRNAs
The potential target genes of lncRNAs were predicted according to their proximity to lncRNAs in the genome. Overlap or close distance in chromosomal location between lncRNAs and mRNA allowed us to identify potential gene targets.
Topology analysis of the co-expresssion network
The topological features (e.g., degree distribution and clustering coefficient) of the coexpression network between the lncRNAs and mRNAs were analyzed to identify the critical lncRNAs. Molecular complex detection (MCODE, Cytoscape plug-in) detects dense and connected regions based on local network density -a modified measure of the clustering coefficient to screen gene cluster (Bader and Hogue, 2003) . If the gene cluster included related lncRNAs then they may be important candidates. The interactive nodes with a degree >5 and a cluster score >10 were selected in this study.
RESULTS
Annotation of the SAGE tags
Annotation results of SAGE tags are shown in Figure 1 . Sample GSM194652 had the highest number of genes and lncRNAs. 
Differentially expressed mRNAs and lncRNAs
A total of 517 DEGs were identified, including 409 mRNAs and 108 lncRNAs ( Figure  2 ). Among the differentially expressed mRNAs, 275 were upregulated (the top five were PSCA, AMY2B, TJP3, VSIG2, and SOCS5) and 134 were downregulated (the top 5 were CA2, IGHA1, MMP1, HST2, and FABP4). Among the differentially expressed lncRNAs, 87 were upregulated (e.g., LINC00675, HCG22, MIR17HG, FAM3D, LINC00152, FAM45A, FAM129B, and NEAT1) and 21 were downregulated (e.g., SNHG6, HCG11, and LINC00116). 
Functional enrichment for differentially expressed mRNAs
Using the DAVID software, we found that the differentially expressed mRNAs were enriched into 47 GO terms, among which the most significant were epithelial cell differentiation, epithelium development, and epidermal cell differentiation (Table 1) . 
Co-expression between differentially expressed mRNAs and lncRNAs
Using the threshold value of |Pearson correlation| > 0.6, we obtained 3449 relationship pairs, which were then visualized by the Cytoscape software (Figure 3) . 
Predicted target genes of lncRNAs
According to the genomic distances between lncRNAs and mRNAs, we obtained 38 potential regulatory relationships between lncRNAs and mRNAs (Table 2 ). Among them, there was overlap between two relationship gene pairs in genome location, including Hs.402083(+) and CKAP2(-); LINC00675(+) and KRTAP3-2(+); Hs.585133(+) and FDXR(-); Hs.659665(+) and DDI2(+); and Hs.713907(+) and EEF1A2(+).
Topological properties of the co-expression network
Topological characteristics of the co-expression network were investigated to screen for important lncRNAs based upon the degree of relationship. The entire co-expression network was analyzed with MCODE and a score >10 was set as the threshold. Two subnetworks were revealed and visualized with Cytoscape (Shannon et al., 2003) (Figure 4A and B) . In Cluster A, 11 lncRNAs were included and the seed was Hs.604538. In Cluster B, 5 lncRNAs were included and the seed was heparin sulfate 2-O-sulfotransferase 1 (HS2ST1). 
DISCUSSION
A total of 517 DEGs were identified in our study of samples from normal and OED patients, including 409 mRNAs and 108 lncRNAs. Pathways closely related to OED, including epithelial cell differentiation, epithelium development, and epidermal cell differentiation, were significantly enriched in differentially expressed mRNAs. Pathways involved in immune response were also enriched, which correlated with the progression of oral epithelium from hyperkeratosis to dysplasia and carcinoma (Gannot et al., 2002) . In addition, pathways in apoptosis and programmed cell death were significantly enriched in DEGs and it is well known that abnormal apoptosis plays an important role in tumorigenesis (Evan and Vousden, 2001 ). In fact, Macluskey et al. (2000) found that disease progression in the oral mucosa is accompanied by increases in both epithelial proliferation and apoptosis. Piattelli et al. (2002) reported that an inverse relationship is found between bcl-2 expression, cell proliferation (MIB-1, an E3 ubiquitin-protein ligase involved in regulating apoptosis) and the apoptotic index. In our study, several genes associated with keratinocyte proliferation were identified. It has been reported that induction of Kruppel-like factor 4 (KLF4) in basal keratinocytes blocks the proliferation-differentiation switch and initiates squamous epithelial dysplasia (Foster et al., 2005) . Therefore, DEGs involved in these pathways may be good candidates for future therapeutic targets.
To further decipher the role of lncRNAs in the pathogenesis of OED, the target genes of lncRNAs were predicted. Thirty-eight potential regulatory relationships were identified between lncRNAs and mRNAs. Solute carrier family 16 member 7 (SLC16A7) is a predicted gene target of MIR17HG. SLC16A7 is a member of the monocarboxylate transporter family and is responsible for metabolite transportation; its upregulation has been observed in renal cell carcinoma (Riss et al., 2006) . MIR17HG is an miRNA cluster comprised of at least six different miRNAs. Pais et al. (2013) reported that deletion of MIR17HG decreases the activity of the mTOR (mammalian target of rapamycin) pathway in Burkitt lymphoma cells. Previous studies have shown that mTOR plays a critical role in several pathways that are involved in human cancer (Morgensztern and McLeod, 2005; Sabatini, 2006) . In our study, four genes were predicted as targets of Hs.480068, one of which is amphiregulin (AREG), a member of the epidermal growth factor family. It has been reported that AREG is upregulated in oral lichen planus (Kumagai et al., 2010) suggesting that it may play a role in the development of OED.
Topological characteristics of the co-expression network were analyzed to discover two subnetworks, consisting of lncRNAs and mRNAs with close interactions that may play collective roles in the development of OED. Hs.604538 was the seed in one subnetwork while HS2ST1 was the seed in the other subnetwork. Cornulin (CRNN) was one of the gene targets in the subnetwork with Hs.604538 as the seed, and it has been reported to play a role in the mucosal/epithelial immune response and epidermal differentiation (Contzler et al., 2005) . Schaaij-Visser et al. (2010) found that decreased expression of CRNN in oral leukoplakia is significantly associated with the presence of hyperkeratosis but not malignant transformation. However, Hsu et al. (2013) found that loss of CRNN expression is related to advanced tumor stage and poor survival in patients with esophageal squamous cell carcinoma. Future studies are needed to fully elucidate the role of CRNN in OED.
In this study, DEGs were identified in OED by comparative analysis of SAGE data of patients with OED to normal controls. Significant biological pathways were revealed by functionalenrichment analysis, and key lncRNAs and mRNAs were identified through co-expression network analysis. This information will potentially guide future research into novel therapies for OED and advance our understanding of its pathogenesis.
